A statistical study of the broadband ELF-VLF plasma waves at the magnetopause has been performed using ISEE 1 plasma wave data. It is found that enhanced wave intensities are detected at 85% of all magnetopause crossings. Although wave amplitudes are highly variable from event to event and even within an event (particularly during high-intensity events), the wave spectra averaged over many passes are remarkably similar at dawn, noon, and dusk local hours. Thus to first order, the average wave intensity and spectral shape are independent of local time. At select frequencies, the intensities are 10 -8, 10 -13, and 3 x 10 -17 V2/m 2 Hz at 10 •, 10 3, and 105 Hz and 3 x 10 -4 and 5 x 10 -8 nT2/Hz at 10 • and 10 2 Hz, respectively. The average wave intensity is independent of latitude, magnetosheath field strength, and magnetopause position. The only parameter found to be correlated with wave intensity is the magnitude of the Z component of the magnetosheath magnetic field. The broadband wave intensities increase with increasing negative B.,. These observational results put strong constraints on any proposed generation mechanism for the broadband magnetopause boundary layer waves. Reasonable mechanisms should be able to explain the lack of local time, latitude, and interplanetary parameter dependences. The dependence of IMF B• and possible correlation with magnetic reconnection should be a principal feature in the model. These observations support the conjecture that cross-field diffusion of magnetosheath plasma by wave particle interaction with these waves (Tsurutani and Thorne, 1982) is the steady state source of the low-latitude boundary layer, and that pitch angle scattering and the consequential particle precipitation into the ionosphere is the mechanism for the dayside aurora. For cyclotron resonant interaction with E > 100 eV electrons during southward IMF B•. events, a total precipitation rate of 1.0 to 1.2 ergs/cm 2 s is determined.
INTRODUCTION
The presence of intense ELF VLF plasma waves at and near the magnetopause is well established [Gurnett et The purpose of this paper is to determine the local time, latitude, and solar wind dependences of the ELF-VLF plasma waves by performing a statistical analysis of the wave properties over many magnetopause crossings. The results of this analysis will place constraints on possible plasma instabilities and generation mechanisms currently being considered. Furth, er implications of wave-particle interactions will be made. This leads to new predictions on the properties of the dayside aurora, which can easily be tested by observations made by the UV photometer experiment on board the DE 1 satellite.
METHOD OF ANALYSES
A flow diagram of the statistical analyses portion of this paper is given in Figure 1 . Data from four instruments on board ISEE 1 have been used in this study. High time resolution data (0.25 s) were available from the plasma wave instrument [Gurnett eta!., 1978] . The instrument had 14 spectral channels of the wave magnetic field intensities (B2/Af), and 20 spectral channels of the electric field intensities (E2/Af). Data from the UCLA magnetometer [Russell, 1978] and the Los Alamos plasma instrument [Bame eta!., 1978] were used to identify magnetopause crossings. Boundary layer plasma densities taken by the University of Iowa instrument [Frank eta!., 1978] were used to calculate precipitation rates into the ionosphere, based on the measured wave intensities. Ground-based data in the form of Kp and Dst were obtained from the World Data Center. ISEE 1 data pool films were initially used to identify possible magnetopause crossings. The magnetopause was identified in the magnetic field data by directional and magnitude changes and changes in the variability of the field. Changes in ion densities and energies were the key signatures of magnetopause crossings in the plasma data. Only crossings that had clearly identifiable features in both the field and plasma data were accepted and used in this study. At the initiation of the study, all available data pool information was utilized. However, because this led to an insufficient local time coverage of magnetopause events, J. T. Gosling of the Los Alamos National Laboratory (LANL) kindly provided additional magnetopause event times from an examination of the high-resolution plasma data. Unfortunately, due to the limited information available at the time, data gaps, and the addition of the LANL crossings, the selection of magnetopause crossings is not very uniform in local time. However, as we shall see, this fortunately has little effect on the results of the present study.
Using the general times of the above magnetopause crossings, high time resolution (0.25 s) plasma wave data were used to identified plasma wave events from data plots. The start and stop time of the magnetopause waves were determined and are given in Table 1 . The wave events are found to be variable in duration, lasting from less than one minute to tens of minutes. The average wave amplitudes of the 14 spectral channels of B2/Afand the 20 channels of E2/Afwere computer averaged over the outermost 1 min of each crossing (the outermost minute was used because this boundary is the easiest to identify). Although the crossings were often much longer than 1 min in duration (see Table 1 Fig. 1 . A flow diagram for the formation of the plasma wave data set used in the statistical analyses. The magnetopause crossings were identified using ISEE I magnetic field and plasma data. The 14 frequency channels of B and 20 channels of E wave spectral intensities were averaged over 1-min intervals (from 0.25-s values). Magnetosheath fields 15 min prior to (and after) magnetopause crossings were recorded. The above information, spacecraft location, and Kp and Dst geomagnetic activity indices were incorporated onto a single magnetic tape.
The "upstream magnetosheath field" was also obtained from ISEE 1. The magnetosheath field properties that were existent 15 min prior (or after) the magnetopause crossings were recorded and are used to indicate the magnetosheath fields near the times of the crossings. The above approach was chosen because during the period of study (1977) (1978) there was a general lack of interplanetary monitors. The slight time shift of 15 min is small compared to the duration of substorms (30 min to I hour [Akasofu, 1965] ) and occurrence frequency of interplanetary discontinuities, ---30 min From left to right are the year and day of year of the wave event, the spacecraft trajectory (O is outbound, I is inbound), the wave event interval, the latitude of the spacecraft at the time of the wave event, and finally, the distance from the center of the Earth.
A single magnetic tape was formed which contains the 34 channels of wave information, the magnetosheath fields, the spacecraft position, and the geomagnetic indices Kp and Dst. A schematic is shown in Figure 1 . This is the main data base of the statistical analyses to follow.
RESULTS
Clearly observable plasma wave intensity enhancements (above magnetosheath background) were detected at 85% of all magnetopause crossings studied. It is possible that enhanced waves were present for the other 15% of the crossings, but intensities were too low to be separable from the magnetosheath background turbulence. When the waves were detected, they were present in all electric field fre- [1982] studied wave properties within the above two regions and the magnetopause and did not find any distinguishing differences in wave characteristics. In this study, we will therefore not try to identify the presence of FTEs, but will only characterize the wave properties within this general region of space.
Because it is found that various frequency channels analyzed in this study show similar results, for brevity, we will often use only one channel of E and B (the 1000-Hz channels of E and the 100-Hz channel of B) to illustrate our point. These channels can be taken to be representative of the plasma waves in general.
Local Time Dependence
The variation of wave E intensities (1000 Hz) as a function of local time is illustrated in Latitude Dependence Figure 8 illustrates the wave intensity dependence on GSM latitude. The spacecraft encounters the magnetopause at a latitude which depends on the radial position of the magnetopause (existing solar wind ram pressure) and whether the pass was inbound or outbound. This gave a fairly wide range of latitude values, from -2 ø to +25 ø .
The results in Figure 8 indicate that there is apparently little dependence of wave intensity on latitude. There may be a slight intensification with increasing distance from the equator. The correlation coefficient for this is, however, very low.
Solar Wind Dependence
The wave intensity versus magnetosheath field magnitude is given in Figure 9 . There is no apparent wave intensity dependence on this parameter. The wave intensity was also examined as a function of a related parameter, the magnetopause subsolar standoff distance. No obvious relationship was found in this comparison either.
The sole "interplanetary" parameter which was found to be correlated with the magnetopause waves is the B z component. This is shown in Figure 10 . There is an increase in wave intensity with increasing southward (negative) magnetosheath magnetic fields. There is over an order of mag- 2. The wave intensity is highly variable within an event. This is most apparent during the largest intensity event (Figures 4 and 5) . See also Anderson et al. [1982] .
3. The wave intensity and spectra are, to first order, independent of local time (Figures 3, 6, and 7) .
4. There is little or no dependence of wave intensity on latitude, magnetosheath field strength, or magnetopause position (Figures 8 and 9) . During this study, the spectrum of lower-energy plasma, E •< 1 keV, was examined to determine the character of the plasma which occurs simultaneously with the plasma waves. These events were studied using the University of Iowa energy-time plasma spectrograms. All magnetopause plasma 
Substorm Dependence
The effect of magnetopause wave-particle interactions on auroral precipitation during substorms and storms is not well known at present. The principal lack in our knowledge is the particle properties for either the low-energy plasma or suprathermal particles in the 1-10 keV energy range under these conditions. However, from the present and prior [Tsurutani et al., 1981] wave analyses, it is known that the 2-10 keV electrons and protons should be on strong pitch angle diffusion and the <2-keV electrons on near-strong diffusion. Thus if the particle fluxes remain constant (or increase) during geomagnetic activity, the loss rate to the ionosphere should increase substantially beyond quiet time 1982] that cross-field diffusion of magnetosheath plasma due to the interaction between electrostatic waves and magnetosheath protons would be the dominant ELF-VLF waveparticle diffusion process. The results of this present work give further support to the mechanism of diffusive entry via ELF-VLF wave-particle scattering, as proposed by Tsurutani and Thorne [1982] . The continuous presence of the emissions at all local times and latitudes (at least up to 26 ø) taken with the crossfield diffusion model gives a steady state source for the formation of the dayside boundary layer. As previously shown, nominal wave amplitudes are sufficient to diffuse the particles inward by the time the magnetosheath plasma flows from the nose of the magnetopause to the flanks. It should be noted that the cross-field diffusion rates calculated by Tsurutani and Thorne [1982] assume average wave intensities. Because the waves are highly sporadic in nature, peak diffusion rates actually may be higher.
The results of this study, together with the cross-field diffusion model, also lead to several predictions which can be tested by spacecraft measurements. The continuous presence of the waves at all local times and latitudes (up to 26 ø ) implies that the low-latitude plasma boundary layer should likewise be present almost all of the time and at all local times. Although an independent statistical analysis of this type has not been performed with plasma data, a preliminary analysis using ISEE 1 University of Iowa plasma data applied to the ELF-VLF wave boundary layer events analyzed here, indicates a one-to-one correlation. The greater wave intensities during negative IMF B z intervals predict a greater dayside plasma diffusion rate and (dayside) auroral intensities during magnetospheric substorms. This can and should be verified by ground and spacecraft measurements.
Although, in this paper, we have focused on the possible formation of the low-latitude boundary layer through ELF-VLF wave particle interactions, we are well aware that several other mechanisms may contribute as well. It thus will be quite instructive to perform a detailed analysis of a dozen or so events using ISEE 1 and 2 spacecraft measurements (with one spacecraft in the boundary layer and the other in the boundary layer) to compare/contrast various possible boundary layer formation mechanisms.
